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Therapeutic Hypothermia Objectives
• Review the clinical findings and biochemical derangements in Hypoxic Ischemic Encephalopathy.
• Explain how therapeutic hypothermia blunts the secondary wave of damage after hypoxia/ischemia. • Review the entry criteria and process of therapeutic hypothermia for infants and adults.
• Discuss complications and respiratory care issues related to therapeutic hypothermia.
Hypoxic-Ischemic Encephalopathy (HIE)
• HIE 3 rd leading cause of neonatal death (23%) .
Infection #1 (36%), Preterm birth #2 (28%)
• Brain insult from a lack of oxygen (hypoxia) and decreased blood flow (ischemia).
• Oxygen and glucose delivery is impaired, causing energy failure at the cellular level.
Volpe Neurology of the Newborn
Etiology of Neonatal HIE
Interruption of maternal-fetal exchange (asphyxia -impaired oxygen / carbon dioxide exchange)
• Systemic (maternal): cardiopulmonary arrest, eclampsia, hypovolumic shock, trauma. • Krebs cycle: Glucose + oxygen = 36 ATP Glucose without 0 2 = 2 ATP + lactic acid.
• ATP -needed: for synthesis, transport, ion pumps -Sodium (Na), calcium (Ca) constantly leak into the cell. -Potassium (K) constantly leaks out of cell -ion pumps use ATP to pump Na & Ca out of cell, K into cell -No pump: Water follows Na into cell, cell swells and bursts.
• No ATP  cell death Volpe Neurology of the Newborn Necrosis vs. Apoptosis Two types of cell death:
• Necrosis (early cell death): Brief / severe insult, ATPdependent Na+/K+ pumps fail, Na then H 2 0 influx, cell swelling, membrane fragmentation, inflammation.
• Neuron is destroyed. Post-event cooling not helpful.
• Apoptosis (delayed cell death): longer / milder insult, membrane depolarization, glutamate release, calcium influx, cell shrinks, no inflammation.
• Cascade of Apoptosis: Starts 2-6hrs after event.
Window of opportunity for body cooling therapy.
Apoptosis
• Apoptosis -(G. apo -off, ptosis -falling) ie: falling leaves.
Our body makes too many cells, so pruning is needed.
• Programmed cell death -critical to life, but Too much apoptosis  Atrophy Not enough apoptosis  Cancer
• Multiple triggers of apoptosis: hormones, cytokines, medications, heat, radiation, hypoxia, hypoglycemia.
• Trigger stimulates production of Caspase by the targeted cell  leads to cascade of cellular shrinkage and digestion of organelles.
• Common event in cascade is too much intracellular calcium ( [Ca +2 ] i ).
HIE -Power Failure at Cellular Level
• Intracellular calcium is critical intracellular second messenger.
• Tiny changes in intracellular calcium regulate cellular gene transduction, synthesis, transport and cell-to-cell signaling.
• Tiny changes in [Ca +2 ] i are good.
• Triggers of Apoptosis cause large influx of calcium into the cell  with deadly effects.
Effects of High Intracellular Calcium
• Activates phospholipases (cell membrane injury)
• Activates proteases (disrupts cytoskeleton)
• Activates nucleases (nuclear injury)
• Disrupts ATP production (mitochondria)
•  Excitatory neurotransmitter release (glutamate)
• Stimulates free radical production (membrane injury)
• All lead to cellular shrinkage and cellular death Mild HIE
• Mild hypertonia (increased tone).
• Brisk deep tendon reflexes.
• Sleepy, irritable, high-pitched cry.
• Poor feeding, sloppy, disorganized.
• CNS exam normal by day 3-4 • Gut: ileus, poor gastric emptying, diarrhea
• Stunned heart: Poor contractility, hypotension
• Pulmonary hypertension Moderate HIE:
30-50% significant long term problems, 10-20% minor neurologic abnormalities.
Mild HIE:
Most escape long-term complications Body Cooling -Process
• Place UAC or UVC • Cooling blanket -esophageal temp = 33.5 o C
• Cool for 72 hours • Use morphine/nembutal -pain / sedation • Increase temp by 0.5 C for complications: arrythmias / acidosis / bleeding / pulm. HPTN • Rewarm over 6 hours.
• Reset blood gas machine for infant's temp.
Effect of Temperature: pH PCO 2 PO 2
• Decreased CO2 production with cooling (low metabolic rate) and more CO2 dissolved in cool blood (increased solubility) • Partial pressure of a gas decreases as temperature decreases.
(helium balloon  cold outside) • So PO2 and PCO2 decrease with hypothermia (say 33 o C) and as PCO2 decreases, pH increases.
• BUT measurement chamber in BG machine heated to 37 o C.
• As sample drawn at a body temp of 33 o C warms to 37 o C, PO2 & PCO2 will increase and pH will drop.
• So the PaO2 and PCO2 will appear higher and the pH lower than it really is in the hypothermic patient.
• Does it matter? Two blood gas strategies. • Most protocols target patients with non-traumatic cardiac arrest with ROSC who remain comatose (GCS < 8), no response to pain, are intubated and mechanically ventilated.
• They exclude patients with active bleeding, coagulopathy, intracranial hemorrhage, sickle cell patients, cardiovascular instability from cardiac dysrhythmias or refractory hypotension, sepsis, MODS as a cause for the cardiac arrest.
Therapeutic Hypothermia for PICU Patients
• Target core temperature of 33 o C (+/-1 o ) x 48 hours, instituted within 6 hours of ROSC, then gradual return to 36-37.5 C with avoidance of hyperthermia.
• Main issues: coagulopathy, hyperglycemia, arrhythmia, skin breakdown, hyperkalemia (upon rewarming).
• Neuromuscular blockade with sedation/analgesia for shivering.
• Typical respiratory issues include atelectasis, secretion clearance, and risk for VAP.
 Therapeutic Hypothermia in adults
Dawn Gosnell, ARNP Orange shaded areas are considered purposeful and if purposeful, the patient is NOT ELIGIBLE for therapeutic hypothermia.
HIE -Etiology in Adults

Surface Cooling System
 There are many on the market, varying in price.
 Via Christi is utilizing the Gaymar wraps and blankets. • Amiodarone is less effective. Treat with Lidocaine.
-For refractory or reoccurring arrhythmias or coding, must discontinue active cooling and begin rewarming.
49
J Wave or Osborn Wave
 Secondary to delayed K+ transport  As J wave increases, the T wave may flatten  Reversible, but can persist for 12-24 hours after core temperature is restored. 
Hypothermia & Medication Effect
We don't really know on most medications. 
Re-warming Process
 Re-warm at 0.3 0 C per hour to a target of 36 0 C. • CPC Scores of 1 or 2 that go HOME 59%, Rehab/SNU 13%
